Abstract: The present study was carried out at the Experimental Farm, Horticulture Department, Faculty of Agriculture, Suez Canal University in two successive seasons (2012 & 2013). The aim of this work was to study the effect of aloe leaf extract (ALE) at 0.0, 10, 20 and 40 ml/L on vegetative growth, yield, essential oil percentage and leaf anatomical structure of sage plants ( Salvia officinalis L.) under sandy soil condition. Aloe leaf extract (ALE) especially at highest concentration (40 ml/L) significantly increased the plant height, number of leaves, number of branches, yield and essential oil percentage as well as enhancement the leaf anatomical structure. The obtained results led to recommended producing higher yield and essential oil percentage grown in sandy soil using Aloe leaf extract.
INTRODUCTION
Sage (Salvia officinalis L.) belongs to the family Lamiaceae; it is a perennial medicinal and aromatic which is rich in volatile oils. It has been used for different diseases including respiratory infection, menstrual difficulties and digestive complaints. The fresh leaves are used for whiten the teeth, while the dried ones are used cosmetically to restore.
In Egypt, the total cultivated area of sage plants is about 220 fed. and produced about 1.59 ton/fed of herb (Ministry of Agric., 2016).
However, we must expansion in medicinal and aromatic plants production because of our suitable climatic conditions, abundance of employment, abundance of reclaimed sandy soil.
Chemical fertilizers are important source of plant nutrition, but they are expensive and represent a source of environmental pollution. Also, chemical fertilizers at high rates for long time may increase the dangerous effect of chemical residual in plant tissues on the human health and animal consumers.
Thus, it has led growers of medicinal and aromatic plants to use many plant extracts to improve and stimulate both the plant growth and the active ingredients instead of use chemical compounds. One of these extracts that used in this experiment is Aloe vera Extracts (AVE) which extracted from the leaves of Aloe plants.
Aloe vera belonging to family Alliaceae is succulent herb. It contains all the essential amino acids, i.e. isoleucine, leucine, lysine, methionine, phenylalanine, threonine, valine and tryptophan. It also contains few other non-essential amino acids, which are alanine, arginine, asparagin, cystenien, glutamic acid, glycine, histidine, proline, serine, tyrosine, glutamine and aspartic acid. More over it contains mono polysaccharide (cellulose, glucose, mannose, aldopentose), lignin, macro nutrients (N, P,K), secondary nutrients (Mg, Ca), micro nutrients/trace elements (Zn, Fe, Mn, Cu), vitamins (B1, B2, B6, C, niacin, collin, enzyme, innositol, aloin, iso barbaloin, aloe emodin, natural hormones 0.63mg/100g F.W., gibberellins 16.00 mg/100g F.w. and salicylic acid (Shyamal et al., 1990; Rajeswari et al, 2012; Hamouda et al., 2012; Sahu et al., 2013 and Raman et al., 2013) .
Aloe leaf extract (ALE) used to improve the vegetative growth (Youssef, 1997) and could be useful as natural plant growth regulator on sweet basil (Dongzhi et al., 2004) . Nour El-Din (2005) on Majorana hortensis, M., Mady (2008) on Majorana hortensis and Salvia officinalis L. and Hamouda et al. (2012) on sweet basil, they reported that foliar spraying with Aloe vera extract improved growth and yield. In addition, the previous information about the effect of spraying aloe extract on anatomical structure of vegetative organs of sage plant or other related species are not available in the literature.
Therefore, the present work aimed to study the effect of different spray rates with aloe leaf extract (ALE) on vegetative growth, yield and essential oil percentage as well as leaf anatomical structure of sage plants under sandy conditions.
MATERIALS AND METHODS
This work was carried out at the Experimental Nursery of the Department of Ornamental Horticulture, Faculty of Agriculture Suez Canal University, Ismailia, Egypt during the two successive seasons of (2012 & 2013) . Sandy soil with pH values of 7.22 and 7.52 and contained 28.00 & 22.00 mg kg-¹ available N, 14.51 &20.50 mg kg-¹ available P, 105 & 139 mg kg-¹ available K and 0.357 & 0.288 mg kg-¹ organic matter was used in the two seasons, respectively.
In early January of both seasons, the soil was divided into plots (2.5×2.5m) and amounted of cattle manure with 25m²/fed was added for each plot by mixing mixed with the soil during the preparation process, five weeks before planting. The physical and chemical characteristics of cattle manure are presented in Table ( Leaves of Aloe vera were cold pressing by using a stainless steel drums to obtain the extracted solution gel of aloe leaves, the obtained extract was filtrated according to Shyamal et al. (1990) .
The extract (ALE) was used at 10, 20 &40 ml/L water and used for foliar spraying of sage plants at three equal doses for every cut during the two growing seasons. The first addition was done one month after cultivations, while the other applications were applied 15day intervals after the first application, respectively. The control treated sprayed with water. The experimental design was a randomized complete blocks, where the experiment involved 4 treatments with three replicates (plots).
The plants were irrigated whenever they needed and all of the cultural practices were followed as normal.
The harvesting process was taken place on 29 At the harvesting time, data were recorded concerting the vegetative growth presented in plant height cm, number of leaves /plant, leaf area, and number of main branches/plant, fresh and dry weights of herb/plant gm.
The essential oil percentage of each treatment of sage plants was determined in the fresh herb using water distillation method according to the British Pharmacopoeia (1963) .
For anatomical study, leaf samples for the most effective treatment to essential oil production of sage plants (40 ml ALE/L) and control treatment were taken in the second season at the time of the second cutting, killing and fixation in 70% FAA solution, dehydration, clearing with n-butyl alcohol series and embedded in paraffin wax of 56-58ºc. Using a rotary microtome, sections (20µ) were cut and stained with safranin and light green before mounting in Canada balsam. Slides were examined microscopically and photomicrography (Nassar and El-Sahhar, 1998) .
Data were statistically analyzed with the analysis of variance using a computer statistical software SPSS program Version 12.0, (copy right© 2003 for SPSS Inc., USA). Results were displayed as the differences between the means treatments and tested using modified L.S.D. The means were significantly different if the P value was =0.5 according to Snedecor and Cochran (1980) .
RESULTS AND DISCUSSION
Effect of (ALE) on vegetative growth: Plant height (cm):
Data in Tables (2 & 3) show that increasing the rates of ALE significantly increased the plant height of sage. This result was confirmed in two cuts and in the two seasons.
In this concern, the highest concentration of ALE (40 ml/L) significantly produced the longest plant height as 64. 38-70.75 and 66.79 -67.24 Thus, all concentrations of ALE under this study led to an increase in the plant height of sage. Such increment may be attributed to the effect of ALE on growing plant tissue. It is worth to mention that, ALE increases cell membrane permeability, oxygen uptake, respiration and photosynthesis, root and cell elongation and ion transport and effects on different factor of plant growth (Dongzhi et al., 2004; Padmaja et al., 2007; ElShayeb, 2009 & Hamouda et al. (2012) . Average of leaf area (cm²):
As shown in Tables (2 & 3) in both seasons, ALE at all concentrations were not capable of inducing actual effects on leaf area of sage plants which significantly decreased than the control. The treatment with ALE at 40ml/L significantly produced the least leaf area of leaves as 3.37-3.72 and 3.15 -3.34 cm² in the first season and in the second season. The decrement in the leaf area was significant in all the treatments with ALE at 10 and 20 ml/L, in comparison with control.
The effect of ALE on leaf area was not found in the concerned literature. It could be noticed that the reductive effect of ALE on leaf area was achieved relative to increasing the number of leaves and the number of main branches per plant. Number of main branches /plant: Data presented in Tables (2 & 3) show that the main branches /plant was increased by increasing ALE. Likewise, the higher concentration (40ml/L) gave a significant increase in both seasons as compared to control, The main number of branches /plant during the two growing seasons were (10.19 -8.83 and 9.66, 8.44), (11.94 -11.86 and 11.77-10.69 ) and (14-13.75 and 13.75 -13.83) in response to 10, 20 & 40 ALE/L for the two cuts of the two seasons, respectively.
These findings may be due to the effect of ALE in enhancing plant growth. In this respect, Hanafy et al. (2012) stated that the direct effect of ALE on plant growth is to increasing substances penetration to plant membrane, effect the dry matter production and the uptake of nutrient by plant. Fresh weight of herb /plant (gm):
Data presented in Tables (2 & 3) show clearly that the number of main branches per plant was markedly affected by different ALE levels. The three treatments with ALE produced more fresh weight of herb, while the treatment which received no ALE carried less fresh weight of herb.
The highest weights were noticed in plants treated with ALE concentrations of 20 ml / L as 51. 97 & 48.53 and 47.90 & 51.29 The increment of such parameter could be attributed to the role of ALE in stimulating plant growth by the assimilation of major and minor elements, enzyme activation, changes in membrane permeability protein synthesis and activation of biomass production. (Sheikh et al., 2013) .
The findings of Youssef (1997) Tables (2 & 3) revealed that the three levels of ALE gradually increased essential oil percentage in both seasons. These increments were statistically significant compared to untreated plants, except the lower concentration of ALE at 10 ml/L in the first cut of the first season only. The most effective treatments were the medium and higher concentrations (20 & 40ml/L). Likewise, the highest values of the essential oil percentage were ranged between 1.85% -1.74% and 1.55% -1.66% compared to the control as 1.48% -0.93% and 0.95% -0.88% in the both seasons.
These results are agreed with Hamouda et al. (2012) and Ahmed et al. (2014) on sweet basil.
The stimulating effect of (ALE) on the previous vegetative characters may be explained on the concept of that aloe extract contains several physiological active constituents such as tryptophan which is the precursor of auxin, zinc also help in this way and endogenous gibberellins as well as other active compounds to stimulating cell division. Effect of ALE, on leaf anatomy structure of sage plants Microscopical counts and measurements of certain anatomical characters in transverse sections through the blade of sage leaf of control plants and of those sprayed with 40 ml (ALE)/L are given in Table (4) likewise, microphotographs illustrating these treatments are shown in Fig. (1) .
It is clear from Table (4) and Fig (1) that spraying ALE at concentration of 40 ml/L increased thickness of leaf blades, spongy tissue, mesophyll tissue and midvein of sage plant by 9.7, 49.1, 8.5 and 0.7% more than the control, respectively. However, the thickness of palisade tissue was decreased by 1.4% lower than the control.
Likewise, the vascular bundle of the midvein was increased in size as a result of spraying ALE. The increment was mainly due to the moderately increase in width by 19.2% over the control and slightly lower in length by 6.9% than once.
It is clear also that, the decrease in length (-6.9%) and increase width (19.2%) of vascular bundle were accompanied with increment in width of both xylem (12.7%) and phloem (+17.3%) and decrement in length of both xylem (-6.6%) and phloem (-12.7%) tissue as compared to the control. In addition, number of both xylem arm/midvein bundle and xylem vessels/arm were increased by 27.4 and 22,4% more than the control, respectively.
The stimulating effect of foliar application with ALE on most included tissues of leaf sage plant attributed to organic compounds in such extract(nutrients, amino acids, hormones and vitamins) (Rajeswari et al, 2012; Sahu et al., 2013 and Sheikh et al., 2013) .
The beneficial effect of organic compounds towards leaf anatomical characters could be explained to the effect in protein synthesis and in turn promotes vascular differentiation and increasing cell division and expansion and this in turn reflected in an increase of vascular tissues.
Reports on the effect of spraying ALE on anatomical structure of vegetative organs of sage plant or other related species are not available in the literature. However, some studies has been done of the effect of plant natural extracts on anatomical structure of some kind of plants. It is worth mention that Abdo et al. (2012) and Nassar et al. (2015) found that garlic or yeast extracts application on soyabean or basil plants led to induce the increasing in thickness of leaf plade, palisade tissue, spongy tissue and vascular bundle of such leaves.
